scarce. We evaluated the association between night shift work and stomach cancer risk in a population-based case-control study.
and limited evidence on human breast cancer risk; however evidence at other cancer sites is scarce.
• We evaluated the association between lifetime history of night shift work and stomach cancer risk in a population-based case-control study.
• There was a weak positive, non-significant association with having worked for at least one year in permanent night shifts compared to never having worked night shifts, although there was no clear trend with number of years of permanent night shift work.
• We found no clear evidence concerning an association between night shift work and stomach cancer risk. worldwide. [1, 2] Shift work, especially night shift work, requires workers to adapt their daily activity-rest cycle and can result in sleepiness, impaired safety, and reduced productivity and quality of life. [3, 4] Increasing evidence suggests that shift work may also lead to a variety of chronic diseases, including high blood pressure, cardiovascular disease, and an increased risk of cancer. [5, 6] In 2007, the International Agency for Research on Cancer (IARC) classified shift work with circadian disruption as a probable human carcinogen (Group 2A) based on sufficient evidence in experimental animal studies on the carcinogenicity of light at night, with limited evidence in humans. [1, 7] Although epidemiological studies have typically focused on risk of breast cancer amongst women [8] [9] [10] [11] [12] and prostate cancer amongst men, [13] night shift work may also be associated with cancer at other sites; however, the literature is scarce. [14] [15] [16] [17] One of the main hypotheses for an increased cancer risk associated with night shift work is the 'melatonin hypothesis' which highlights the link between light at night exposure and subsequent decreased melatonin secretion. [18, 19] Experimental studies reported that melatonin, the main hormone of the pineal gland, has direct and indirect anticancer effects including pro-apoptotic, antiproliferative, and antioxidative effects, and regulates the immune system. [18] However there may also be other potentially overlapping mechanisms including phase shift or desynchronization, sleep deprivation impaired immune function, lifestyle disturbances and unhealthy behaviour, as well as lower levels of vitamin D in night shift workers. [19] and 700,000 deaths in 2012. [20] In Spain, it was estimated there were a total of 7,800 new stomach cancer cases and 5,400 deaths in the same year. [21] Although stomach cancer has been associated with a variety of environmental and behavioral risk factors, including H. pylori colonization, cigarette smoking, consumption of nitrates and salted foods, as well as genetic and epigenetic factors, [22] other environmental factors, including occupational exposures may also play an important role in gastric carcinogenesis.
Previous studies of night shift work and stomach cancer risk reported no clear association. Parent et al. [15] examined risk for 10 cancer sites in a population-based case-control study in Montreal, Canada, including 228 incident male stomach cancer cases. There was a weak non-significant association observed for stomach cancer risk among night shift workers (odds ratio (OR) = 1.3, 95% confidence interval (CI) 0.9-2.1). A cohort study of German male chemical workers reported no association between rotating shift work and stomach cancer incidence (hazard ratio (HR) = 1.2, 95% CI 0.5-2.7). [23] A Swedish study evaluated shift work by classifying jobs according to the percentage of shift workers and reported a standardized incidence ratio (SIR) of 1.2% (95% CI 0.6-2.3) for stomach cancer in women and 1.1 (95% CI 1.0-1.2) in men. [16] We evaluated the association between night shift work and stomach cancer risk in a large population-based case-control study, MCC-Spain which included detailed data factors. The MCC-Spain study has previously been used to examine associations between night shift work and both breast and prostate cancer risk and presents a unique opportunity to examine associations at other cancer sites. [24, 25] 
METHODS

Study Population
The MCC-Spain study is a multi-centre, population-based, case-control study designed to examine potential associations between various environmental and genetic factors and risk of five common cancers (breast, chronic lymphocytic leukaemia, colorectal, prostate, and stomach cancer). Detailed data on the study is provided elsewhere. [26] In brief, the study included 12 provinces and 23 public hospitals across Spain. Recruitment of incident cancer cases took place between the years 2008 and 2013 and used the same set of controls for all cancer cases. The MCC-Spain study was reviewed and approved by the Ethics committees of the participating institutions. All participants provided informed consent prior to enrollment into the study.
Newly diagnosed stomach cancer cases were recruited in ten Spanish centres (Asturias, Barcelona, Cantabria, Granada, Huelva, Leon, Madrid, Murcia, Navarra, Controls aged 20 to 85 years were selected randomly from the rosters of General Practitioners at the Primary Health Centres (PHC) involved in the study, lived in the same catchment area as cases, and were frequency-matched to all cancer cases by sex and age in 5-year groups. Since the same set of controls was used for all cancer cases in MCC-Spain there was no initial exclusion criteria related to personal cancer history as part of the recruitment process. A total of 3,440 eligible controls were recruited with a response rate of 51%.
Data Collection and Night Shift Work Definition
Detailed data on a range of socio-demographic, lifestyle, and clinical factors was collected in face-to-face interviews by trained personnel. Occupational history data was obtained for all jobs held for more than one year including job title, tasks, start and stop dates, and shift work information (time schedules, hours worked per day, percentage worked in the morning, evening, and night). Ever night shift work was Rotating night shifts consisted of working at least three night shifts per month, or 10% of working time. Cumulative duration of night shifts, permanent night shifts, and rotating night shifts was calculated as the total number of years worked at night.
Statistical Analysis
We analyzed the association between night shift work and stomach cancer risk using unconditional logistic regression models. We calculated adjusted ORs and 95% CIs for stomach cancer in relation to ever performing night shift work, permanent night shift work, or rotating night shift work, as well as categories of cumulative duration (years). Models were adjusted a priori for age, sex, centre, and level of education.
The reference group included subjects who were ever employed but had never performed night shifts.
We examined the impact of further adjustment for body mass index (BMI), cigarette smoking status, family history of stomach cancer, physical activity level during adulthood (from age 16 years, excluding the last 2 years prior to diagnosis or interview (METS h/week)), current sleep duration (≤ 6, 7-8, ≥ 9 h/day), and ever sleep problems (for atleast 1 year). Further, in a sub-set of all participants (75% of cases and 86% of controls) additional data on usual dietary intake during the previous year was collected using a self-administered modified version of a semi-quantitative Food Frequency Questionnaire (FFQ), designed to include regional food products.
Adjustment for total energy consumption, and consumption of red-meat, processed- Analyses were conducted using Stata 14.
[29]
RESULTS
A total of 374 stomach cancer cases and 2,481 controls were included in the main analysis following the exclusion of participants with no or missing occupational history data (66 cases, 516 controls), participants from study centres with few (<5)
cases (Granada and Murcia) (5 cases, 118 controls), controls with a personal history There were proportionally more included male cases than controls (Table 1) . Cases also tended to be older, have a lower educational level, and reported stomach cancer more frequently in their family history. Cases also reported exercising less during adulthood, having a lower BMI, sleeping more, having a greater total energy and red meat consumption, and a lower alcohol consumption than controls.
Excluded participants tended to be somewhat older (mean (SD) age excluded cases = 73.0 (9.3) years, controls = 68.2 (10.5) years), more likely female (62.4% cases, 49.3% controls), and have a lower level of educational attainment (89.4% cases, 65.9% controls) compared to included participants (P < 0.01). Table 2 summarizes the characteristics of permanent and rotating night shift controls compared to day workers. There were proportionally more male subjects amongst night shift workers. Night shift workers also tended to achieve lower educational levels, report being a current or former smoker more frequently, have a higher BMI, longer sleep duration, and a higher total energy and red meat consumption compared to those who had never worked night shifts. Table 3 provides a listing of the main occupations contributing to permanent or rotating night shift work. These include housekeeping and restaurant services workers (9.6%); motor-vehicle drivers (8.1%);
personal care and related workers (6.7%); and domestic and related helpers, cleaners and launderers (4.5%). The association between ever working night shifts, permanent night shifts, or rotating night shifts and stomach cancer risk is presented in Table 4 . A total of 25.7% of cases and 22.5% of controls reported ever working night shifts. Among night shift workers, there were more that had worked in a rotating night shift schedule (13.6% cases, 13.6% controls) than in permanent night shifts (12.0% cases, 8.8% controls). There was no association between ever working night shifts and stomach cancer risk (OR = 1.0, 95% CI 0.8-1.3). There was a weak positive, non-significant association with having had worked for at least one year in permanent night shifts compared to never having worked night shifts (OR = 1.2, 95% CI 0.9-1.8). There was no association with rotating night shifts (OR = 0.9, 95% CI 0.6-1.2).
The exposure-response relationship between cumulative duration of night shifts and stomach cancer risk showed an inverse "U" shape ( Table 4 The association between ever, permanent, or rotating night shift work and stomach cancer risk was similar after further adjusting for BMI, cigarette smoking status, family history, and physical activity level ( In analysis of associations among the sub-set of participants who completed the FFQ (279 cases and 2,157 controls), results were somewhat stronger but showed the same general pattern. In the fully-adjusted model, the OR (95% CI) for permanent night shift work was 1.5 (95% CI 1.0-2.4) adjusting for detailed dietary and alcohol consumption data (Table 5) . Results according to cumulative duration also revealed a stronger association for participants who worked from 10 to 20 years in permanent night shifts (OR = 3.4, 95% CI 1.7-6.7) and no evidence for a trend (p = 0.12). The main results of the study are in concordance with the limited number of previous data related to the association of night shift work and stomach cancer risk. Though one study reported a weak positive, non-significant association similar to the one reported here, [15] another study based on personnel records reported no association between rotating shift work and stomach cancer incidence in men. [22] One study that did not evaluate individual information on shift work also reported no clear association. [16] In previous analyses in MCC-Spain, there was a weak positive association between being a night shift worker and breast cancer risk, particularly amongst premenopausal [24, 25] it is possible that this definition may have limited our ability to detect an association if work during a particular portion of the night may be more disruptive than another, such as in the early morning period for example, or among workers with greater proportions of the shift at night. However little is known regarding the importance of particular timing or patterns of night shift work.
DISCUSSION
Although residual confounding cannot be ruled out, there was information available for many recognized risk factors for stomach cancer, though dietary variables were only available in a sub-sample of the total study population and reflected intake during the previous year, which may be affected by the developing cancer. BMI also reflects current BMI at the study interview. Though reported total energy and red meat consumption was slightly greater among ever vs never night shift workers, there may also be other differences in dietary patterns including eating patterns, cooking method, and eating-out for example that were not captured in the study questionnaire here that may be relevant. [35, 36] Results were largely unchanged with adjustment for such detailed demographic and lifestyle data here.
Although some data was available on self-reports of sleep duration and history of sleep problems, such data likely reflect more recent sleep habits and do not necessarily relate with sleeping problems due to shift work. There were also few differences between day, permanent night, and rotating night workers in terms of sleep duration and problems here. Confounding by other occupational exposures is unlikely as few occupational exposures have been related with stomach cancer.[37, [26] were less likely to have worked night shifts, and experience a lower risk of stomach cancer than those with a low educational attainment. [40] Also relevant to the current work, there may be selection bias by occupational status with controls currently working night shifts possibly less prone to participate due to their work schedules, which could lead to some spurious association. However, telephone contact was attempted during recruitment a minimum of five different times in the day. There were also no clear differences in findings according to age group, where potential selection bias by occupational status may be minimized in the older age group, or education here, though statistical power was limited. Finally, recruitment was based in the public health system, which would not capture government employees, particularly controls, with private insurance. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 p for trend 0.30 0.41 1 Adjusted for age, sex, educational level and centre . 2 Adjusted for age, sex, educational level, centre, BMI, cigarette smoking status, family history, physical activity level, total energy intake, grams of red meat, grams of vegetables, grams of fruit, alcohol consumption. 3 Subjects who reported permanent as well as rotating night shift work in their occupational history are included in the permanent workers group.
